Details of the GWTG-Stroke program, including the methods of data collection and data definitions used, have been described previously. [10] [11] [12] Data from patients hospitalized with ischemic stroke at
L arge, multicenter, randomized placebo-controlled clinical trials have demonstrated that early use of intravenous thrombolysis <4.5 hours of symptom onset reduces morbidity and mortality in selected patients with ischemic stroke. [1] [2] [3] [4] [5] However, these pivotal trials were conducted in largely white populations with low representation of racial or ethnic minorities. Yet, observational studies have raised concerns that the efficacy and safety of thrombolytic therapy may vary among racial and ethnic groups. For example, blacks treated with intravenous thrombolytic therapy for acute ST segment elevation myocardial infarction (STEMI) have higher bleeding risk and mortality relative to their white counterparts. 6, 7 In contrast, Asians or Hispanics with STEMI have had similar responses as whites treated with fibrinolysis. 8, 9 However, race-related differences in efficacy and safety of intravenous thrombolytic therapy have not been studied among patients with ischemic stroke.
Using data on patients enrolled in the Get With The Guidelines (GWTG)-Stroke program, [10] [11] [12] the goals of the current study were: (1) to determine comparative bleeding rates in whites, blacks, Asians, and Hispanics among those receiving intravenous tissue-type plasminogen activator (tPA) for acute ischemic stroke; (2) to investigate whether any differences in bleeding risk persist after adjusting for baseline clinical features; and (3) to evaluate relationships between race/ethnicity, bleeding events, and overall and cause-specific mortality.
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GWTG-Stroke participating hospitals between April 1, 2009 , and April 30, 2013 (n=2 328 868; 1922 sites) were included in this analysis. Patients were excluded if they were enrolled before April 1, 2009 (n=932 048), nonischemic stroke (n=498 076), in-hospital stroke (n=20 946), did not receive intravenous tPA (n=815 554), received intra-arterial tPA (n=3127), received tPA under experimental protocol (n=120), or >4.5 hours of symptom onset (n=1322), those with missing values of either race (n=136) or tPA complications (n=957), and those belonging to race/ethnic group other than white, black, Hispanic, or Asian (n=2248). The remaining 54 334 patients formed the basis of this analysis. Information on race and ethnicity was obtained from patient selfdesignation as recorded by administrative personnel during the registration process, admitting providers in the medical record, or nurses in nursing intake forms. Race and ethnicity were collected as separate questions as recommended by the Office of Minority Health. We then classified the responses into the categories reported. Thus, white race/ethnicity are non-Hispanic white patients, blacks are nonHispanic blacks, Asians are non-Hispanic Asians, and Hispanic patients are those of Hispanic ethnicity irrespective of race. Bleeding was collected in GWTG-Stroke program as complication of thrombolytic therapy and included symptomatic intracranial hemorrhage ≤36 hours (sICH) and life-threatening serious systemic hemorrhage ≤36 hours (other than sICH), and other serious bleeding. sICH within the first 36 hours of treatment was defined as any neurological deterioration with evidence of ICH on repeat brain imaging (National Institute of Neurological Disorders and Stroke definition). 5 Serious systemic hemorrhage was defined as bleeding <36 hours of intravenous tPA (not including sICH) and >3 U of packed RBC transfusion <7 days or before discharge (whichever was earlier), with a physician note attributing the bleeding problem as the reason for transfusion. Other serious bleeding was defined as any bleeding besides above that required additional medical intervention(s) or prolonged hospital stay.
Outcomes of Interests
Primary outcomes of interests were any complication of tPA (sICH, serious systemic life-threatening hemorrhage, and other bleeding) as well as individual component of this composite end point, and all cause in-hospital mortality (total and in patients with tPA complication).
Statistical Analyses
Patients were categorized into 4 race/ethnicity-based groups: white, black, Hispanic, and Asian. Other demographic (besides race/ethnicity) and clinical variables, as well as hospital-level characteristics, were displayed. Continuous variables are reported as medians with 25th and 75th percentiles, and categorical variables as frequencies and percentages. Univariate comparisons were performed using Pearson χ 2 test for categorical variables and Wilcoxon rank-sum test for continuous variables.
Multivariable logistic regression analysis using generalized estimating equation (exchangeable correlation structure) to account for within-hospital correlation was used to adjust for the confounding effect of the differences in baseline patient and hospital characteristics between the different race/ethnic groups on outcomes of interests. White race was used as a reference group for comparisons. Baseline factors in addition to race/ethnicity used to account for baseline differences included age, sex, arrival mode, medical history (smoking, diabetes mellitus, coronary artery disease or myocardial infarction, stroke/TIA, atrial fibrillation/flutter, carotid stenosis, peripheral vascular disease, hypertension, and dyslipidemia) and findings on physical examination (time to treatment, systolic blood pressure, heart rate, and weight). In addition, hospital-level characteristics associated with outcomes were also included (geographic region, number of beds, academic versus not, annual stroke volume, and percentage of minority treated). Spline transformations were generated to assess whether continuous variables were related to outcomes in nonlinear fashion. Imputations for missing variables were imputed as the most frequent category for categorical variables and as median value for continuous variables with the exception of medical history variables, which were imputed as no. Most variables had missing rates <2%; notable exceptions included baseline features (body mass index, 27.7%; heart rate, 17.1%; systolic blood pressure, 15.1%; insurance type, 12.1%; arrival mode, 9.5%) and laboratory data (fasting blood glucose, 22.0%; prothrombin time, 18.6%; serum creatinine, 17.3%).
We also performed a sensitivity analysis evaluating risk-adjusted outcomes of interest (adjusting for baseline patient and hospital characteristics and National Institutes of Health Stroke Scale [NIHSS]) among patients who had the NIHSS score available (n=50 231; 92.4%). Finally, we evaluated risk-adjusted mortality in patients who had any complication and in those who had sICH after intravenous tPA.
Odds ratios and 95% confidence intervals were generated (reference whites). For all analyses, a 2-tailed P value <0.05 was considered statistically significant. All statistical analyses were performed using SAS version 9.3 software (SAS Institute, Cary, NC).
Results

Patient Demographics, History, and Presentation
Among patients receiving tPA, whites were oldest relative to the other race/ethnic group. Although statistically significantly different because of large sample size, the door to needle time or the symptom onset to treatment time was not clinically significantly different among the 4 groups ( Table 1) . Compared with other race/ethnic groups, the prevalence of history of atrial fibrillation, prosthetic heart valves, coronary artery disease, peripheral vascular disease, carotid stenosis, and dyslipidemia was highest in whites; that of prior stroke, hypertension, congestive heart failure, or current smoking highest in blacks; and that of diabetes mellitus highest in Hispanics. In contrast, the prevalence of diabetes mellitus and hypertension was lowest in whites; atrial fibrillation lowest in blacks; and history of prosthetic heart valve, previous stroke, coronary artery disease, carotid stenosis, peripheral vascular disease, smoking, and heart failure lowest in Asians. Blacks were likely to present with the highest heart rate and systolic and diastolic blood pressures and, although they had the highest presenting serum creatinine, their presenting estimated glomerular filtration rate was highest given their younger age and highest body mass index. The NIHSS was highest among Asians compared with other race/ethnic groups. Blacks were more likely to be treated in large teaching hospitals but were least likely to be treated at certified primary stroke centers.
In-Hospital Hemorrhagic Complications
Any observed hemorrhagic complications after tPA were higher in Asians compared with whites and remained significantly higher even after adjustment for baseline confounding. Similarly, adjusted odds of sICH was 1.5-fold and significantly higher among Asians compared with whites, whereas the adjusted odds for serious or life-threatening hemorrhage and other hemorrhagic complications was not statistically significantly different compared with whites (Tables 2 and 3) .
Blacks too had significantly higher adjusted odds of any hemorrhagic complications as well as other serious hemorrhagic complications compared with whites after tPA. Adjusted odds for sICH or serious systemic life-threatening hemorrhagic complications were similar for blacks and whites. In contrast, there were no differences in the adjusted odds for any complication in Hispanics compared with whites treated with tPA. Sensitivity analyses restricting the patient population to that with information on NIHSS demonstrated results directionally similar to that of overall results for all race/ethnic comparisons relative to their white counterparts. 
Discharge Status and Mortality After tPA
Blacks were most likely whereas Asians least likely to be ambulating independently at discharge compared with other groups. Asians were least likely whereas Hispanics most likely to be discharged home compared with other groups (Tables 2 and 3) . Overall observed in-hospital mortality was lower for blacks and Hispanics compared with whites, whereas Asians had similar observed in-hospital death compared with whites. However, once adjusted for baseline confounding, there were no significant racial differences in in-hospital mortality compared with whites. These results were changed slightly once accounted for NIHSS score (in addition to baseline and hospital characteristics), where blacks had lower adjusted odds for death relative to whites. Among those with ICH or any hemorrhagic complications, there were no differences in adjusted (for baseline and hospital characteristics and NIHSS) in-hospital mortality by race.
Discussion
Our study represents the largest study to date of race/ethnic differences in the risks of hemorrhagic complications after tPA therapy in acute ischemic stroke. Our data indicated that adjusted overall complications after tPA were higher in both Asian and blacks compared with white patients with stroke. In Asians, this increase was because of higher adjusted sICH with similar risks of life-threatening serious or other complications compared with whites. In blacks, this increased risk of any complication after tPA was because of higher adjusted rates of other tPA complications compared with whites. The observed incidence of sICH was significantly lower in blacks than in whites after tPA therapy. However, given their younger age and lower prevalence of comorbid conditions, once adjusted for baseline confounding, there was no significant difference in the odds of sICH in blacks compared with whites, whereas serious or life-threatening hemorrhagic complications remained similar to that in whites. Hispanics had similar adjusted odds of tPA complications compared with whites.
Overall adjusted in-hospital mortality was similar by race. Adjusted mortality in patients with sICH (or any complications) after tPA for stroke was higher than in their counterparts without sICH (or any complications). However, in patients with sICH (or any complications), adjusted mortality for blacks, Hispanics, and Asians was similar to that in whites.
One prior study used the National Inpatient Sample hospital discharge database for the period of 2001 to 2008 obtained from the Healthcare Cost and Utilization Project of the Agency of Healthcare Research and Quality and evaluated the race/ethnic disparities in the use and outcomes of patients with stroke receiving tPA. 13 This study found that the use of tPA in patients with stroke was higher for whites (2.3%) compared with blacks (1.8%; P<0.001) and Hispanics (2.0%; P<0.001), whereas it was similar for whites and Asians (2.3% versus 2.2%; P=0.07). Furthermore, they found that ICH rates were significantly higher in Asians compared with whites (odds ratio, 2.01; 95% confidence interval, 1.91-2.11; P<0.001). In-hospital mortality was also significantly higher among Asians compared with whites (odds ratio, 1.22; 95% confidence interval, 1.03-1.44; P=0.02). In contrast, the rates of ICH or in-hospital mortality did not differ significantly in blacks and Hispanics compared with whites. Similarly, a previous study from the GWTG registry evaluating the predictors of sICH in patients receiving tPA for acute stroke has shown Asian race (compared with non-Asian) to be associated with an independent risk of sICH (odds ratio, 2.12; 95% confidence interval, 1.28-3.50).
14 Although some of the findings of our study were consistent with other studies, our study allows more accurate identification of potential clinical confounders. Specifically, unlike in study by Nasr et al, 13 data on baseline prognostic clinical, presenting, and laboratory features (smoking status, body mass index, baseline heart rate and blood pressure, time to treatment, NIHSS) were available in GTWG-Stroke initiative, thus allowing for a relatively more robust risk adjustment in our study compared with that by Nasr et al. 13 The study evaluating independent predictors of sICH from GWTG did not focus specifically on the racial differences in bleeding, but rather just reported increased odds of sICH among Asians after tPA for acute stroke.
14 Finally, our study provided additional information on race/ethnic disparities in other serious systemic hemorrhagic complications among patients receiving tPA (besides sICH) and in-hospital mortality associated with these complications that were not reported in the prior studies.
The reasons for the increased risk of sICH in Asians compared with whites with strokes receiving intravenous tPA are not known. Differences in measured confounders (including NIHSS) explained part, but failed to account fully for the increased risk of sICH in Asians compared with whites treated with tPA for stroke in our study. Previous studies have suggested that a lower dose of tPA than the dose routinely used in the United States in Asians with stroke was associated with similar efficacy but with a lower risk of intracranial bleeding. [15] [16] [17] [18] Alternatively, given that studies in acute STEMI population have failed to show higher risk of intracranial bleeding among Asians compared with whites despite higher dose of front-loaded regimen of tPA and concomitant intravenous anticoagulation, 8 this may suggest that perhaps rather than increased sensitivity to thrombolysis, weakening in the blood vessel wall or surrounding milieu potentially related to diffuse atherosclerosis, which increases the permeability of RBCs across the damaged blood vessels, may account for the higher risk of bleeding in Asian patients with stroke (who typically are older with higher comorbid conditions) after tPA.
Our findings of no increased risk of sICH among blacks compared with whites were also at odds with those reported in patients with acute STEMI. 6, 7, 19 Among patients with acute STEMI treated with front-loaded tPA, blacks have been consistently shown to be at an increased risk of ICH as well as other bleeding events compared with whites despite their younger age and higher body weight. Genetically inherent enhanced sensitivity to thrombolysis has been speculated by some as the mechanism underlying the increased risk of ICH among blacks. 6 However, given that no such increased risk was observed among more elderly black patients with stroke raises the possibility that perhaps other factors including front-loading of tPA in patients with acute STEMI (compared with a slower infusion of tPA over a longer period in stroke patients) or the routine concomitant intravenous anticoagulation in these patients may explain this disparate finding in the 2 ethnic populations.
Our findings may have some implications. First, our data suggest that as in many Asian countries where the use of lower dose of tPA (0.6 mg/kg) <3 hours of stroke onset is a norm, [15] [16] [17] [18] this regimen may perhaps also be equally efficacious and likely safer for Asians compared with higher dose routinely used among white patients with stroke in the United States. This hypothesis needs to be tested in future study. Second, efficacy and safety of tPA for acute stroke tested and proven in large randomized trials consisting mostly of white patients should not be presumed to be true in other race/ethnic groups because these may vary. Enrollment of a large number of patients of diverse race/ethnic groups in clinical trials or comparative effectiveness studies through well-designed registries would allow better understanding of the efficacy/effectiveness and safety of tPA in the treatment of acute stroke in various race/ethnic groups.
Limitations
Patients and hospitals may not be entirely representative because hospital participation in GWTG-Stroke is voluntary. Nonetheless, the demographics of the GWTG-Stroke fee-forservice Medicare patient population are similar to the overall demographics of fee-for service Medicare patients with stroke. 20 Our study was observational and retrospective, and we are unable to account for the influence of missing or unmeasured confounders on study findings. Therefore, we recommend caution when inferring causal relationships from our data. We used a definition of sICH based on the 1995 National Institute of Neurological Disorders and Stroke trial that attributes clinical worsening to ICH documented on computerized tomography or magnetic resonance imaging based on the investigator's judgment. This definition is different from the European Cooperative Acute Stroke Study (ECASS) II definition, in which clinical deterioration is defined as a 4-point increase in NIHSS, or the Safe Implementation of Thrombolysis in Stroke: A Multinational Multicentre Monitoring Study of Safety and Efficacy of Thrombolysis in Stroke (SITS-MOST) definition, in which, in addition, only parenchymal hemorrhages type 2 can be considered symptomatic. sICH events were determined by the treating physicians, and neuroimaging data were not centrally reviewed. Thus, although we are unable to provide information on the rates of bleeds and outcomes in area of index stroke compared with those in the remote areas of the brain, the large difference in mortality between patients with and without sICH suggests that the sICH events were clinically relevant. Asians were categorized as one group, but in fact represent a heterogeneous population. Given that there was no systematic validation that all race/ethnicity were self-reported, it is possible that race/ethnicity group could be misclassified including that Hispanic patients were misclassified by sites as being non-Hispanic white or non-Hispanic black patients.
Conclusions
In patients with stroke receiving tPA, complications were slightly higher in blacks and Asians, but not in Hispanics compared with whites. Asian patients also faced higher risk for sICH relative to other race/ethnic groups. Future studies are needed to evaluate whether reduction in tPA dose similar to that used in many Asian countries could improve the safety of tPA therapy in Asians in the United States with acute ischemic strokes while maintaining efficacy.
